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Abstract 

Plasma  volumes  (PV)  were  measured  in  two  groups  of  rats  by  injection  of 
ICG  (n  =  213)  or  Evans  Blue  (n  =  100)  via  indwelling  jugular  cannulae.  Both 
groups  had  similar  (P>0.05)  body  weights,  core  temperatures,  plasma  protein 
concentrations,  and  corrected  venous  hematocrits.  Serial  blood  samples  were 
obtained  over  10  min  (8  samples,  ICG)  or  60  min  (6  samples,  Evans  Blue).  PV's 
were  assessed  directly  by  dye  dilution,  and  blood  (BV)  and  cell  volumes  (CV)  were 
calculated.  The  coefficients  of  determination  (r  ,  X  +  SD)  of  ICG  and  Evans 
Blue  plasma  dye  disappearance  curves  were  0.995  +  0.008  (P<0.01)  and 
0.677  +0.215  (P<0.01),  respectively.  The  hadf-lives  were  3.1 +0.5  and 

256  +  135  min  (P<0.01)  for  the  ICG  and  Evans  Blue  groups,  respectively,  and 
corresponding  disappearance  constants  (K,  fraction  of  dye  disappearing/ min) 
were  0.23  +  0.04  and  0.0034  +  0.001 7  min’*  (P  <  0.01).  The  PV,  BV,  and  CV  values 
(ml,  X  +  SD)  f( '  ICG  were  21.7+4.3,  36.0  +  5.2,  and  14.3  +  2.0  and  were  not 
significantly  different  (P>0.05)  from  corresponding  values  for  Evans  Blue.  In 
additional  experiments  (n  =  12),  PV  was  quantitated  (21.9 +  3.2  ml)  by  ICG 
followed  by  injection  of  known  volumes  of  0.9%  saline  (6.1  +0.5  ml).  One  h 
later,  the  predicted  volume  (28.0 +  3.6  ml)  was  not  significantly  different 
(P>0.05)  from  the  measured  volume  (28.2  +  4.1  ml),  and  the  correlation 
(r  =  0.858)  was  significant  (P<  0.01).  The  data  indicate  that  ICG  can  be  used  to 
measure  PV  in  rats  and  simultaneously  assess  changes  in  liver  function  (i.e. 
clearance  rate).  Because  of  its  short  t|/2»  reestimated  within  an  h. 


Key  Words:  Indocyanine  green,  Evans  Blue,  Plasma  volume.  Blood  volume,  Cell 
volume,  Dye  dilution,  Rattus  norvegicus. 
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Introduction 

Indocyanine  green  (ICG)  has  been  used  successfully  to  measure  cardiac 
output  (6,7,14,15),  hepatic  blood  flow^  (1,3,13,18,19,20,23),  and  liver  function, 
(3,4,23).  Bradley  and  Barr  (2)  reported  a  significant  correlation  between  the  ICG 
dilution  and  chromium^^  methods  of  blood  volume  mecisurement  in  human 
subjects.  Ketterer  (13)  found  that  volumes  of  distribution  measured  with 

ICG  were  not  different  (P  >0.05)  from  plasma  volumes  measured  with  Evans  Blue 
in  dogs.  Also,  Caesar  et  (3)  indicated  that  plasma  volumes  measured  in 
human  subjects  with  ICG  were  similar  to  those  reported  in  other  studies  (4,8) 
using  different  methods. 

ICG  has  a  low  toxicity  (3,16,22),  is  rapidly  distributed  in  the  blood  stream^ 
(3,16,22),  is  essentially  completely  cleared  via  the  liver  (3^6,22),  and  has  a 
short  half-life^(3,16,17,l 8,19,22,23).  Therefore,  in  view  of  reported  uses  and 
properties,  it  seemed  potentially  useful  for  the  rapid  measurement  and  re¬ 
measurement  of  plasma  volume  in  rats  and,  at  the  same  time,  survey  any 
potential  changes  in  hepatic  clearance  (function).  This  paper  compares  plasma, 
blood,  and  cell  volumes  in  rats  measured  by  ICG  dilution  and  the  classical  Evans 
Blue  method ^(5). 
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Methods 

A.  Preparation  of  Stock  Dye. 

Indocyanine  green  (ICG,  50  mg,  Hynson,  Westcott  and  Dunning,  Inc.)  was 
reconstituted  by  adding  12.5  ml  of  sterile,  distilled  water  and  12.5  ml  of  10% 
(W/V)  bovine  serum  albumin  (BSA,  No.  A-8022,  Cohn  Fraction  V,  Sigma  Corp.) 
containing  280  mEq/L  sodium  and  10  mEqA-  potassium. 

Evans  Blue  (O.T.  Baker  Chemical  Co.)  was  prepared  by  adding  33  mg  of  dye 
to  5  ml  of  sterile,  distilled  water  and  5  ml  of  10%  BSA  with  electrolytes.  Dye 
stocks  were  refrigerated  at  5°C  in  foil  wrapped  flasks. 

B.  Experimental  Animals. 

Male  Sprague-Dawley  rats  (Charles  River  CD  strain)  were  caged  indivi¬ 
dually  in  an  environmental  chamber  (13  x  11x6  ft)  maintained  at  26°C  and 
49  +  17%  relative  humidity.  The  air  was  replaced  at  a  rate  equivalent  to  1.4 
room  vol./h.  Fluorescent  lighting  was  controlled  automatically  for  a  0600-1800  h 
light  cycle.  All  animals  (ICG  group,  n  =213;  Evans  Blue  group,  n  =  100)  were  fed 
a  diet  of  Charles  River  chow  and  water  ^  libitum.  They  were  fasted  24  h  before 
use  to  minimize  and  subtle  effects  of  hormonal  or  nutritional  status  on  plasma 
volume.  Experiments  were  begun  each  day  at  0800  h. 

C.  Temperature  Measurement. 

Core  temperatures  (rectal  probe  inserted  6.5  cm)  were  measured  using 
interchangeable  thermister  probes  (YS  1700  Series,  C-8415-21,  Cole-Parmer 
Instrument  Co.)  and  a  digital  thermometer  (581  C  Digital  Thermometer,  Digitec, 
United  Systems  Corp.). 

D.  Surreal  Procedure. 

All  animals  were  cannulated  via  the  right  external  jugular  vein  according 
to  a  method  developed  in  this  laboratory  (12). 
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E.  Blood  Sampling. 

All  sampling  syringes  were  {M'erinsed  in  5%  BSA  to  minimize  dye  adsorp¬ 
tion.  Stock  dye  (1.0  ml)  was  injected  at  room  temperature,  and  T  =  O  was  the 
midpoint  oi  infusion  (2  sec).  The  cannula  was  immediately  rinsed  with  0.1  ml  of 
0.9%  saline.  ICG  blood  samples  were  drawn  at  1,2, 3.5, 5, 6, 7, 8  and  10  min  and 
those  for  Evans  Blue  at  10  min  intervals  for  1  h.  Hematocrits  (HTC)  were 
corrected  (0.96)  for  "plasma  trapping"  (9),  and  heparinized  plasma  was  prepared 
by  centrifugation  at  8,000  x  g  for  10  min.  Plasma  protein  concentrations  were 
read  from  a  refractometer. 

F.  Calculations  and  Statistics. 

Plasma  dye  concentrations  ^g/ml)  were  read  against  the  plasma  blank 
using  a  Cary  15  spectrophotometer  at  a  Xmax  =  805  mp  for  ICG  and  618  mp  for 
Evans  Blue.  Optical  density  units  were  converted  to  plasma  concentration  by 
reference  to  standard  curves  of  dye  in  plasma  constructed  with  each  dye  lot  and 
found  to  be  linear  in  the  concentration  range  used  in  this  study  (ICG  =  0-4pg/ml; 
Ev&ns  Blue  =  0-50  p  g/ml).  The  formulas  used  in  the  calculations  were; 

Plasma  volume  (ml)  =  Dye  injected  ii  g)  -  Cone,  at  T  =  0  ^  g/ml) 

Blood  volume  (ml)  =  Plasma  volume  (ml)  -  l-(0.96  HCT  -  100) 

Cell  volume  (ml)  =  Blood  volume  (ml)  x  (0.96  HCT  -  100) 

Half-life  (min)  =  (log^Q  y-intercept)  -  2  -(log^Q  y-intercept)  -  slope 
Disappearance  constant  (min”^)  =  In  2/tj^2 
Rate  of  Removal  (%/min)  =  (2.303)  x  (-100)  x  (slope) 

The  two-sample  t-test  was  used  to  determine  statistical  significance,  and 
differences  between  means  resisting  in  p<  0.05  were  considered  significant  (21). 


(1,19,22) 

(1,9) 

(9) 

(19,22) 

(3) 
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Results 


For  the  ICG  group,  the  mean  body  weight  was  501  +27g  ±  SD),  the 

corrected  venous  hematocrit  40.1  +  4.8%,  core  temperature  38.6  +  0.6°C,  and 
plasma  protein  concentration  7.5 +  0.5  g/100  ml,  and  these  values  were  not 
signifcantly  different  (P  >  0.05)  from  those  of  the  Evans  Blue  group.  Both  groups 
also  had  similar  (P>0.05)  plasma,  blood,  and  cell  volumes  (Table  1).  However, 
the  half-lives  disappearance  constants  (K),  and  rates  of  removal  between 

groups  were  significantly  different  (P<  0.05). 

To  test  the  ICG  dilution  technique,  fol  low-up  experiments  were  conducted 
in  which  plasma  volume  was  measured  by  ICG  dilution  before  (B)  and  after  (A) 
intravenous  injection  of  a  known  volume  of  0.9%  saline  (Table  2).  The  time 
between  the  first  and  second  plasma  volume  measurement  was  1  h,  and  2  min 
were  allowed  for  saline  mixing  after  injection.  As  shown  in  Table  2,  the 
beginning  plasma  volume  (ICG  PVg)  21.9  +  3.2  ml  was  expanded  to  (ICG  PV^, 
measured)  28.2  ±  4.1  ml  by  injection  of  6.1  ±  0.5  ml  of  saline.  The  "predicted" 
value  (28.0  ±  3.6  ml)  was  not  significantly  different  (P>0.05)  from  the 
"measured"  value  (28.2  ±4.1  ml),  and  the  correlation  (r  =  0.858)  was  significant 
(P<0.01).  The  average  percentage  difference  (%  A)  between  "predicted"  and 
"measired"  PV^  was  -0.7  +  2.1%  (5(  ±  SEM). 

ICG  half-lives  (tjy2>  before  (3.0  ±  0.1)  and  after  (2.9  ±  0.1)  saline 
injection  were  significantly  different  (P  <  0.05),  and  the  average  percentage 
difference  (%A)  was  -3.5  +  1.2%  (X  ±  SEM). 
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Discussion 


ICG  has  been  used  successfully  to  measure  cardiac  output  (6,7,14,15), 
hepatic  blood  flow  (1,3,13,18,19,20,23),  and  liver  function  (3,4,23).  Also,  plasma 
volumes  estimated  by  ICG  dilution  (3,4,13,23)  check  well  with  values  obtained  by 
other  methods  in  human  subjects  (3,4,8,23)  and  dogs  (13).  Coupled  with  the 
properties  of  low  toxicity  and  rapid  distribution  into  the  circulatory  system 
(3,16,22),  and  short  tj^2  (3,16,17,18,19,22,23),  ICG  seemed  suited  to  remeasure 
plasma  volumes  and  simultaneously  evaluate  changes  in  liver  function  in  rats 
following  experimental  intervention. 

In  this  study,  identical  plasma  volumes/kg  body  weight  (43.4  ±  6.9  ml/kg, 
X  +  SD)  were  obtained  for  both  techniques.  These  values  agree  well  with 
40.3  ±  5.8  ml/kg  and  41.1  ±  5.6  ml/kg  in  human  subjects  reported  by  Caesar  et 
(3)  and  Gray  and  Frank  (8),  respectively.  Half-lives,  disappearance  constants, 
and  rates  of  removal  of  the  two  groups  (Table  1)  were  significantly  different 
(P<  0.05),  The  t^^2  agrees  with  reported  values  in  human 

subjects  (17,18,19,23),  as  does  the  Evans  Blue  T^^2  (18,19).  Also,  the  ICG 
disappearance  rate  (0.23  ±  0.04  min”^)  and  rate  of  removal  (22.2  ±  5.2  %/min) 
check  well  with  values  previously  reported  for  human  subjects  (3,18). 

To  test  further  the  ICG  dilution  method,  additional  experiments  were 
conducted.  The  data  indicate  that  ICG  can  be  used  to  reestimate  changes  in 
plasma  volume  in  rats  following  experimental  intervention  after  a  short  period 
of  time.  The  "predicted"  plasma  volume  (Table  2)  was  similar  (P>0.05)  to 
plasma  volumes  measured  after  saline  injection,  and  the  correlation  (r  =  0.858) 
was  significant  (P<0.01).  The  ICG  ^^12^  before  and  after  saline  injection  were 
different  (P<  0.05).  However,  the  significance  of  this  is  questionable  since  the 
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coefficient  of  variability  of  each  mean  was  approximately  3%.  Also,  the 
average  percentage  difference  between  half-lives  was  -3.5  +  1.2%.  Certainly,  a 
3%  change  does  not  represent  a  precipitous  alteration  in  hepatic  function, 
especially  when  compared  to  the  approximately  240%  reported  by  Wiegand^^. 
(23),  200-600%  (18)  or  300-400%  reported  by  Rowell  et^.  (19)  or  170%  reported 
byRitz^^.  (17). 

It  has  been  concluded  that  ICG  can  be  used  to  measure  plasma,  blood,  and 
cell  volumes  reliably  in  the  rat  model  and  simultaneously  assess  changes  in  liver 
function  (clearance  rate).  Because  of  ICG’s  short  ^^2*  reestimated 


within  an  h. 
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Table  1 

Comparison  of  plasma,  blood,  and  cell  volumes  and  half-lives, 
disappearance  constants,  and  rates  of  removal  of  ICG  and  Evans  Blue  groups. 


ICG  (n  =213)^  Evans  Blue  (n  =  100)^ 


Plasma  volume  (ml) 

21.7 

+ 

4.3 

21.3 

+ 

3.5 

Blood  volume  (ml) 

36.0 

+ 

5.2 

36.3 

+ 

5.9 

Cell  volume  (ml) 

14.3 

+ 

2.0 

14.9 

+ 

3.0 

Half-life  (min) 

3.1 

+ 

0.5^ 

256 

+ 

139 

Disappearance  j 
constant  (min"^) 

0.23 

+ 

0.04 

0.0034 

+ 

0.0017 

Rate  of  removal  (%/min) 

22.2 

5.2'' 

0.3 

+ 

0.2 

Values  are  x+  SD. 

P  <  0.05  between  corresponding  x 's  +  SC’s. 
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Table  2 

Test  of  ICG  dilution  method  by  intravenous  injection 
of  known  volume  of  0.9%  saline. 


%A 


PVg(ml)^ 

(Predict^, ml) 

(Measure^.ml)^ 

(Average  percentage 
difference) 

20.7 

26.4 

26.3 

0.4 

23.8 

30.4 

32.4 

•6*6 

25.1 

31.9 

34.2 

-7.2 

18.1 

23.4 

25.2 

-7.7 

24.5 

31.2 

27.8 

10.9 

22.3 

28.6 

26.8 

6.3 

22.7 

28.8 

27.1 

5.9 

21.4 

27.5 

30.7 

-11.6 

20.6 

26.8 

28.9 

-7.8 

27.9 

34.0 

33.8 

0.6 

19.3 

25.5 

25.5 

0.0 

16.3 

21.6 

19.9 

7.9 

.9+3.2^ 

28.0  +  3.6^* 

28.2+4.1^ 

-0.7 +2.1^ 

Measured  PV  before  (B)  experimental  treatment. 
^Measured  PV  after  (A)  experimental  treatment. 
h  t  SD. 

*  Not  significant  (Predicted  vs.  Measured). 
x±  SEM. 


"We  the  undersigned  authors  hereby  transfer,  assign,  or  otherwise  convey  all 
copyrighted  ownership  of  our  manuscript,  entitled  'Indocyanine  Green  (ICG)  and  Evans 
Blue:  Comparative  Study  of  Plasma  Volume  Measurement'  to  the  American  College  of 
Sports  Medicine  if  this  manuscript  is  published  in  Medicine  and  Science  in  Sports  and 
Exercise." 


Vl/Ucc^  A 


William  R.  Sandel 


loger  W.  Hubbard 


’.Uy 


Denise  Schehl-Geiger 


SCCun»Tr  CLASSIFICATION  OF  THIS  ^ACC  (Wh^n  Pmt»  Enfrmd) 


REPORT  DOCUMENTATION  PAGE 


1.  REPORT  NUMBER 

M  16/81 


4.  TITLE  (mnd  Subilti*) 

Indocyanine  Green  (ICG)  and  Evans  Blue: 
Comparative  Stydy  of  Plasma  Volume  Measurement. 


RE/iD  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3-  RECIPIENT’S  catalog  number 


5  type  of  report  a  period  covered 


6-  PERFORMING  ORG.  REPORT  number 


7.  AUTHORfa; 


B.  CONTRACT  OR  GRANT  NUMBERfa) 


W.  R.  Sandel,  R.W.  Hubbard  and  D.  Schehl-Geiger 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Research  Institute  of  Environmental 
Medicine,  Natick, MA  01760 


11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Medical  Research  and  Development  Command 
Ft.  Detrick,  Frederick,  MD  21701 


10.  PROGRAM  element,  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 

611102'SIOOO  3E151102BS10 
1418Z101005 


12.  REPORT  DATE 

8  July  1981 


13.  NUMBER  OF  PAGES 


14.  MONITORING  AGENCY  NAME  4  AODRESSi’i/ dnfarafit  from  Con(ro//In4  0//ica;  IS.  SECURITY  CLASS,  fof  ''•port; 

Same  UNCLASSIFIED 


15a.  declassification/ DOWNGRADING 
SCHEDULE 


16.  distribution  statement  (of  lAfa  Rmpott) 


Distribution  of  this  document  is  unlimited 


17.  DISTRIBUTION  STATEMENT  (of  tho  mbmtrmcf,  anfarad  in  Block  20.  if  diffarani  from  Raporr; 


19.  KEY  WORDS  (Contlnum  on  rararaa  aida  if  nacaaamy  and  Idontify  by  Mock  numbarj 

Indocyanine  green,  Evans  blue.  Plasma  volume.  Blood  volume.  Cell  volume, 
Dye  dilution.  Rat  t  us  norvegiciis . 


20.  ABSTRACT  CCenifmia  am  raaaraa  afWa  If  wacaaaaay  md  fdan/iff  by  Mock  numboe) 

Plasma  volumes  (PV')  were  measured  in  two  groups  of  rats  by  injeetlon  of 
ICG  (n  =  213)  or  Evans  Blue  (n  =  100)  via  indwelling  jugular  cannulae. 
Both  groups  had  similar  (p>0.05)  body  weights,  tore  temperatures,  plasma 
protein  eoneent rat  ions ,  and  corrected  venous  hematocrits.  Serial  blood 
samples  were  obtained  over  10  min  (8  samples  ICC.)  or  60  min  (6  samples, 
Evans  Blue).  P V s  were  assessed  directly  by  dye  dilution,  and  blood  (BV) 
and  cell  volumes  (CV)  were  calculated.  The  coefficients  of  detcrmlnat ii-n 


i<n  CDfTIOM  OF  t  NOV  «»  1%  OOSOLETC 


SECuWtTV  Cl*SSIFIC*TIOH  OF  THIS  e*C.C  Nhw,  DmI*  E.it 


UNCLASSIFIED _ 

secuwiTv  classificatioh  or  this  PAoenwian  hbiwiij _ 

(r  ,  ^  i  SD)  of  ICG  and  Evans  Blue  plasma  dye  disappearance  curves  were  0.995  - 
0.008  (p^O.Ol)  and  0.677  i  0.215  (p  <  0.01),  respectively.  The  half-lives 
were  3.1  i  0.5  and  256  ~  139  min  (p*^0.Ql)  for  the  ICG  and  Evans  Blue 
groups,  respectively,  and  corresponding  disappearance  constants  (K.  fraction 
of  dye  disappearing/min)  were  0.23  -  O.OA  and  0.0034  ~  0.0017  min  (p'^0.01). 
The  PV,  BV,  and  CV  values  (ml,  ~  ±  SD)  for  ICG  were  21.7  ±  4.3,  36.0  ±  5.2,  and 
14.3  i  2,0  and  were  not  significantly  different  (p>0.05)  from  corresponding 
values  for  Evans  Blue.  In  additional  experiments  (n  -  12),  PV  was  quantitated 
(21.9  ±  3.2  mi)  by  ICG  followed  by  injection  of  known  volumes  of  0.9%  saline 
(6.1  ±  0.5  ml).  One  h  later,  the  predicted  volume  (28.0  -  3.6  ml)  was  not 
significantly  different  (p^0.05)  from  the  measured  volume  (28.2  -  4.1  ml),  and 
the  correlation  (r  =  0.858)  was  significant  (p<:0.01).  The  data  indicate  that 
ICG  can  be  used  to  measure  PV  in  rats  and  simultaneiously  assess  changes  in 
liver  function  (i.e.  clearance  rate).  Because  of  its  short 
reestimated  within  an  h. 


UNCLASSIFIED 


